In the worldwide market of particleboard production, the use of alternative raw materials is increasing, due to high demand and lack of traditional raw material, despite efforts of reforestation. In Brazil, the main agricultural commodity is sugarcane due to the copious production of sugar and ethanol. In the state of São Paulo alone approximately 140 million tons of sugarcane bagasse are produced every year, from which around 70% is burned for energy production, not adding value to the residue and generating pollution to the environment; and the other 30% is sold for composting. The objective of this work is to add value to the sugarcane bagasse by using it as a raw material for particleboard production to be employed as flooring in the area of civil construction. To achieve this, the present research characterized the physical and mechanical characteristics of the particleboards with the following alternative raw materials: sugarcane bagasse and leaves of bamboo. Particleboards were produced to reach high density (0.8 g/cm 3 ) using the resin (bi-component) polyurethane castor oil. Tests for abrasion, roughness and resistance to denting and wear (Janka hardness) verified that the addition of leaves of bamboo in the mixtures, contrary to what was expected, did not confer a greater degree of resistance to the particleboards. Lastly, the results showed that sugarcane bagasse is a viable raw material alternative for the production of particleboards, intended to be used as products and flooring.
INTRODUCTION
In the industrial and academic environment many researchers seek to optimize the use of residues from industrial and agribusiness activities in order to add value and applicability to them. Works such as [1] try to find a solution for disposal of Vitroplast FR4, a residual material from waste printed circuit boards production, and [2] uses scrap tire rubber in place of SBS in modified asphalt as an environmentally suitable alternative for Brazil.
In the case of the wood industry, there is a need to replace the demand for native woods by residues [3] . Thus, the following researches can be cited: [4] produced particleboards with treated Pinus sp residues bonded with castor oil resin in different percentages, where physical and mechanical properties superior to Brazilian standards were obtained; [5] used municipal tree pruning wastes in particleboard production with urea-formaldehyde adhesive, establishing a connection between particle size and mechanical properties; [6] developed homogeneous particleboards with residues of Pinus elliottii wood joined with castor oil adhesive to evaluate the effect of the combination of pressure and temperature in the quality of the final product; [7] developed a panel constructed with reforestation wood and particleboards of sugarcane bagasse bonded with castor oil adhesive, as an alternative for the conventional system of side closing of the working chute in cattle handling facilities; [8] used planer waste and chips of Bambusa balcooa and Bambusa vulgaris bonded with urea formaldehyde, and found that the particleboards made of chips showed better strength properties compared to planer waste; also the B. vulgaris, produced better and well-glued particleboards compared to B. balcooa because of its superior adherence.
Urea-Formaldehyde (UF) is the most commonly used adhesive in the wood industry due to its low production cost and ease of use under a diversity of curing conditions. However, UF poses side effects to human health, making it necessary to reduce the content of UF in particleboard production. [9] studied how the use of ammonium nitrate as a hardener can compensate for a reduction of 5% in the UF content, and obtained physical and mechanical properties that meet the requirements for general standard and building materials.
[10] used macademia nut shell (residues) and castor oil as a replacement for conventional materials such as, wood fibers and UF in particleboard production. Compared with traditional materials, the introduced residual materials presented values of modulus of rupture and modulus of elasticity that were about 50% lower, not conforming to the required standards. For this reason, when using residues in particleboard production, it is necessary to test for the appropriate composition in terms of percentage of residue to be employed and its influence on the physical and mechanical characteristics of the particleboard in order to achieve the standard requirements.
One question that must be asked is if the use of these residues in particleboard production is beneficial for the environment. In order to answer this question two studies demonstrated through a Life Cycle Assessment (LCA), following the guidelines of the ISO 14040 series of standards, the environmental impact of particleboards produced with residues: [11] analyzed several scenarios of particleboard production in furniture industries and compared two adhesives UF and Melamine Urea-Formaldehyde (MUF), and the substitution of wood for residues of wood, and concluded that the addition of residues can promote lower environmental impacts and also that the MUF has more impact on the environment than UF; [12] performed a LCA in particleboards manufactured in laboratory scale with the residues of sugarcane bagasse (Saccharum spp) and pine wood shavings (Pinus elliottii) bonded with UF, the results showed that the potential environmental impact is mainly due to transportation of raw materials and largely by formaldehyde emission in the production and final disposal. In this way those papers pointed out that the industry must find adhesives that are more environmentally friendly than UF and MUF. Similar results about the environmental impact of UF were found in [13] .
The particleboards produced with sugarcane bagasse have been used in laboratory scale [14] and presented results in accordance with the Brazilian standards [15, 16] .
The present work proposes to use sugarcane bagasse as material for the manufacturing of particleboards together with the stem of bamboo leaves from the species Dendrocalamus giganteus bonded with the adhesive castor oil, with the intention to use it in different products (floors, walls and accessories), thus preventing its disposal in nature in a negative way, and also to use a more environmental friendly adhesive.
BACKGROUND
At present the main crop that moves Brazilian economy is sugarcane; its uses ranging from production of edible sugar, to the production of alcohol and ethanol, discarding significant amounts of bagasse as waste. This Brazilian sector encompasses a large part of agriculture, industry, mobility (transport), services and supply of labor to society.
The seeds of sugarcane were first brought to Brazil in 1532 and the cultivation of the different species began in the Province of São Vicente (São Paulo State). However, it was in the Northeast region, especially in the states of Pernambuco and Bahia where the mills multiplied [17] .
The Brazilian sugarcane plantation began to rise in the 1970's due to the oil crisis, which affected industrialized countries with the inflationary increase in fossil fuel prices, further impacting oil-importing countries, such as Brazil. As a result there was the need to obtain energy from alternative sources, giving rise to the Proálcool (National Alcohol Program), a program whose main objective was to replace petroleum-based fuels by fuels of vegetable origin, i.e., the alcohol produced by sugarcane, called ethanol [18] . Thus, ethanol was developed with the purpose of providing more fuel possibilities in Brazil. In addition, it gave rise to a new technology, parallel to biofuel, which highlighted the production system: grinding and electricity production in industry.
Brazil is considered the largest producer of sugarcane in the world, followed by India and China, and the first in the world in the production of ethanol. The country accounts for more than half of the sugar traded in the world and should increase its production by an average of 3.25% until 2018/2019 [19] .
The State of São Paulo is not only considered a technological hub, but also has the largest number of sugar mills in Brazil (Figure 1 ). Despite the fact that the culture of sugarcane produces numerous benefits, mainly socioeconomic, a major problem relating to the production of sugarcane is the amount of waste it generates.
Among the wastes generated by the sugarcane industry is bagasse. Nowadays, several applications exist to minimize the negative impacts of bagasse as to its destination, such as burning it with an interest in generating energy to be used by the plants themselves (Figure 2) , and using it as fuel, in which case it is responsible for the self-sufficiency of demands of thermal and electromechanical energies. According to [20] the predominance of sugarcane based agriculture has the following negative impacts: biodiversity reduction caused by deforestation and deployment of sugarcane monoculture; contamination of surface water and soil through excessive use of fertilizers, mineral lime and application of herbicides (unregulated use of industrial by-products); soil compaction due to the traffic of heavy machinery during planting, cultural practices and harvesting; siltation of water bodies due to soil erosion in crop renewal areas; and production of soot and greenhouse gases from burning during the harvest period.
The Energy Situation Bulletin data held by [17] shows that the great growth of sugarcane harvest is followed by an increase in the generation of bagasse, according to the data presented in Table 1 . According to [21] , there are several proven alternative uses for bagasse, such as animal feed, composition of structural plates, papermaking and hydrolysis to produce alcohol; its main use however, is to serve as fuel in boilers. It should be pointed out that even after meeting energy demands in the plant itself, some residue of bagasse can remain untapped, representing 8% to 15% of bagasse produced, according to [22] .
MATERIALS AND METHODS
The materials employed in this research were the Sugarcane bagasse (SC), donated by Industry Tonon Bioenergia, located in Brotas City-SP -Brazil; Bamboo stem leaves (B), collected from the experimental field of UNESP in Bauru; and the polyurethane resin (polyol derived from castor oil and pre-polymer -isocyanate), made in Laboratory of Wood and Wooden Structures (Lamen-USP) in São Carlos -Brazil, as shown in Figures 3-5 . The bamboo leaves are the residues from researches about bamboo used for structural purposes. Thus, due to the large amount of this waste generated in the laboratory there was a need to give it a proper disposal. After collecting the Bagasse (SC) it was sieved, the particle sizes used ranging from 1.2 mm to 4.0 mm. After collection of Bamboo leaves (B) these were cut into smaller pieces and then crushed using an industrial crusher, Marconi model; and then they were sieved, obtaining particles with a size between 1.2 mm and 4.0 mm. For each particleboard produced, a total of 1,706.88 g of residue (cane and bamboo) and 204.82 g of adhesive castor oil bicomponent (102.41 g polyol and 102.41 g prepolymer) were used. The established amount of adhesive was 12% in relation to the total mass.
The manufacturing process is summarized in Figure 6 . The particleboards ( Figure 7 ) have pre-stipulated traces of 100% SC, 75% SC, +25% B, 50% SC + 50% B, 25% SC+75% B, 100% B and were assessed for physical and mechanical performances through tests recommended by Brazilian standards [15, 16] . Tables 2 and 3 show a summary of the values obtained in the different physical and mechanical tests.
RESULTS
From the values presented in Tables 2 and 3 , which contain all the results of physical and mechanical tests performed in this study, it was concluded that all traces obtained values within the recommended standards in Brazil and also when applicable, by international standards. The values found in this work were superior to our last research [22] , where the sugarcane was employed for medium density particleboards.
Traces 1, 2 and 3 have excelled compared to traces 4 and 5. It can therefore be said that this is due to the greater amount of bamboo present in traces 4 and 5, which made pressing the particleboards difficult in the manufacturing process because the particles were relatively larger and more difficult to compress.
From the values presented in Tables 2 and 3 , which contain all the results of physical and mechanical tests performed in this study, it was concluded that all traces obtained values within the recommended standards in Brazil and also when applicable, by international standards. The values found in this work were superior to our last research [22] , where the sugarcane was employed for medium density particleboards. Traces 1, 2 and 3 have excelled compared to traces 4 and 5. It can therefore be said that this is due to the greater amount of bamboo present in traces 4 and 5, which made pressing the particleboards difficult in the manufacturing process because the particles were relatively larger and more difficult to compress.
Traces 2 and 3 stood out in relation to the values obtained in the physical tests because the panels had good compression ratio due to the presence of both the bamboo leaves and the bagasse.
In the thickness swell test, all traces obtained were within the requirements of ISO 14810-3, which establishes the maximum swelling parameter of 8% in 2 hours to plates with a thickness between 8 and 13 cm.
The standard does not stipulate the maximum values for the absorption test; however, we sought a good indicator that absorbs the least amount of water, normally below 10%. Some researchers working with resin derived from castor oil comment that the plates made with this resin have a microstructure with better accommodation of the particles with the resin, and so absorb the least amount of water.
Density is an extremely important factor in the results of the assays, since it depends on the compression ratio of the particleboards. In this work, plates with higher amounts of bamboo offered special resistance to compression due to the physiology of the matter. However, according to the obtained density (d > 0.8), all particleboards are within the high density feature.
For the perpendicular tension test, the standard establishes a minimum value of 0.40 MPa. Therefore, it can be seen that all plates obtained values well above the minimum required.
In the parallel traction resistance test, it can be seen that the highest value for the tensile strength, and hence the greater shear strength, lies in Trace 1, respectively with 1,318.04 kgf/cm 3 and 204.61 kgf/cm 3 . These results are consistent when compared with [12] , since their results also lead to a decrease in tensile strength and shear strength proportionately to the presence of bamboo, thus indicating a higher resistance of traces with higher concentration of sugarcane bagasse.
In relation to the bending test, the greatest value of Modulus of Rupture (MOR) is in Trace 1, with 37.05 MPa; and the lower, in Trace 5, with 23.8 MPa. In relation to the Modulus of Elasticity (MOE), the highest value obtained was in Trace 2, with 6,864.7 MPa; and the lowest value, in Trace 5, with 5,280.16 MPa.
The NBR 14810-3 norm provides a minimum value of 800 N for screw pull at the top and 1,020 N at the surface, for panels from 14 to 20 mm thick; hence all studied panels lie within the stipulated value.
FUTURE APPLICATIONS
One of the goals of this research project is to try to expand the use of particleboards, not only in construction but also in the development of sustainable products related to Ecodesign, in the fields of Civil Engineering, Architecture, and Industrial Design. Examples of products developed with particleboards, stemming from industrial residues, are shown in Figures 8 and 9 , and include a shelter for dogs and a foldable chair. 
CONCLUSIONS
The particleboards produced with sugarcane bagasse and Bamboo leaves proved to be technically feasible. From an environmental point of view the use of residues, although this study does not present a LCA analysis, can be environmentally advantageous. However, the LCA of the particleboards produced by [12, 13] indicate that the UF and MUF resins as the category with the highest impact index due to its toxicity both during the drying process of the particleboards, and in the final disposal. Although an LCA about the production, use and disposal of products made with castor oil adhesives was not found in the literature to date, the use of adhesive castor oil has the advantage of being a non-toxic product and can avoid the environmental impacts of the UF and MUF adhesives.
For future works it is recommended to conduct a LCA incorporating the adhesive castor oil, compared with the traditional particleboards produced with UF and MUF (traditional adhesives used in the wood industry).
In relation to furniture design, it can be said that the models described are apparently viable and meet the requirements of sustainable product because they use renewable and post-consumer recycled raw materials. A major limitation in the design of the project was the capacity of the hydraulic press used to produce each plate (60 cm × 60 cm), which made it too complex to assemble furniture projects with large dimensions out of a single particleboard.
